Abstract: The holotype of Stachybotrys cylindrospora was examined and the morphological characters were found to fit the description of Stachybotrys chartarum. Thus Stachybotrys cylindrospora is a synonym of S. chartarum. However a number of isolates and specimens subsequently described and studied by several mycologists have typical cylindrical conidia with longitudinal striations. The conidia are much longer than those of S. chartarum. These conidial characters showed that those isolates and specimens are notably different from S. chartarum and of the holotype of S. cylindrospora. Therefore a new name, Stachybotrys eucylindrospora sp. nov., is proposed to accommodate these isolates and specimens.
INTRODUCTION
collected an isolate of Stachybotrys from arable soil in North Cohocton, New York, in Aug 1911 and described it as a new species, S. cylindrospora, in 1912. Bisby (1943) suggested that S. cylindrospora might be a synonym of S. chartarum. Rayss and Borut (1958) demoted S. cylindrospora to Stachybotrys atra var. cylindrospora (C.N. Jensen) Rayss & Borut. Barron (1961) isolated several strains in Canada, which were thought to fit the description of S. cylindrospora. However the unusually wide range of S cylindrospora conidia size, which spanned the range of conidial size of S. chartarum, raised the question about validity of the species. The holotype specimens of S. cylindrospora of C.N. Jensen, the specimen of Stachybotrys atra var. cylindrospora of Rayss and Borut and additional specimens of S. cylindrospora and S. chartarum were borrowed from several major herbaria. The objective of the present study was to re-examine S. cylindrospora and to determine its taxonomic status.
MATERIALS AND METHODS
The holotype of Stachybotrys cylindrospora (CUP-005925) was examined (TABLE I) . The specimen IMI 76515 of Stachybotrys atra var. cylindrospora, which Borut deposited in IMI was examined (TABLE I) . Specimens of S. cylindrospora and S. chartarum were borrowed from IMI, DAOM, CUP and BPI for comparative examination (TABLE I) .
A small sample (1 3 1 mm) was taken with a needle from the surface of the type material of S. cylindrospora (CUP-005925) in a dried slant test tube. A quantitative polymerase chain reaction (QPCR) test of the type material of S. cylindrospora (CUP-005925) was conducted with Applied Biosystems PrismH model 7300 using the primers and probe of the analysis specific for detecting S. chartarum sensu lato. Their sequences are forward primer StacF4: 59-TCCCAAACCCTTATGTGAACC, reverse primer StacR5: 59-GTTTGCCACTCAGAGAATACTGAAA, and probe StacP2: 59-CTGCGCCCGGATCCAGGC. The procedure and technique were developed by Haugland and co-authors using sequence data of Stachybotrys chartarum, S. albipes, S. bisbyi (5S. elegans), S. cylindrospora (ATCC 18851), S. dichroa, S. elegans, S. kampalensis, S. longispora, S. microspora, S. nephrospora, S. oenanthes, S. parvispora, S. theobromae, Memnoniella echinata and M. subsimplex (Haugland and Heckman 1998, Haugland et al 1999) .
An isolate, ATCC 18851 (5IMI 85334 and OAC 8603), under the name of S. cylindrospora (TABLE I) was cultured on malt-extract agar (MEA: 15 g malt-extract broth (Difco), 15 g agar (Oxoid), 0.075 g chloramphenicol (Fisher), 750 mL distilled water, 0.75 mL trace metal solution (1 g ZnSO 4 ?7H 2 O, 0.5 g of CuSO 4 ?5H 2 O, 100 mL distilled water, 1 mL 1N NaOH) and cornmeal agar (CMA: 12.75 g cornmeal agar (Difco), 0.075 g chloramphenicol (Fisher), 750 mL distilled water) at 25 C for 15 d to observe its characteristics. It is the same isolate used by Haugland et al (1999 Haugland et al ( , 2001 in their studies of QPCR and phylogenetic relationships of Stachybotrys spp.
RESULTS
The original illustration of Stachybotrys cylindrospora by Jensen (1912) is reproduced (FIG. 1) , while his original description of the species Jensen (1912) is quoted here: ''Colonies round, thin, diffuse, becoming black with age; mycelium branched, septate, hyaline, 0.5-3 m; conidiophores hyaline at base, fuliginous toward apex, branched, sepate, attenuate toward tip, 40-65 m high, bearing on the summit from 3.9 sterigmata; sterigmata subclavate, with or without short papilla, 8-11 by 4-5 m; conidia borne singly, smooth, subcylindrical to sometimes ovate, 6-16 by 3.8-5 m, hyaline when young, becoming fuliginous and nearly opaque with age.''
The holotype specimen (CUP-005925) of S. cylindrospora collected by Jensen showed the characteristics of S. chartarum and fit the description of this fungus (FIGS. 2, 3). Most conidia oval, ellipsoid, (7.4-)7.5-11.1(-12.8) (mean 5 9.8 6 1.3) 3 (2.4-) 3.5-5.6(7.4) (mean 5 4.5 6 1.1) mm, length/width ratio 2.3; while a few were subcylindrical, or globose. Mature conidia were roughened with ridged ornamentation on the surface, olivaceous (FIGS. 2, 3), while immature conidia were lighter in color and smooth or minutely roughened. The conidia were not truly cylindrical. It is unambiguous that these characteristics match that of S. chartarum because the conidia of S. chartarum are colorless when young, becoming dark olivaceous when mature, ellipsoid, smooth or verrucose with ridged ornamentation on the surface, 7-12 3 4-6 mm (Jong and Davis 1976) .
A total of 34 000 spore equivalents of S. chartarum were detected from the sample of the type material of S. cylindrospora with QPCR analysis. The result of the QPCR test verified that the holotype of S. cylindrospora is actually S. chartarum. Rayss and Borut (1958) described Stachybotrys atra var. cylindrospora as conidiophores 40-70 3 2.5-3.5 mm; phialides 8-11 3 3.5-4.5 mm; conidia cylindrical, 9-11 3 2.5-5 mm. There is no indication that Rayss and Borut (1958) observed the type materials of S. cylindrospora. According to their description and the photograph in their paper, the isolate appears to be S. chartarum. An examination of IMI 76515, deposited by Borut, confirmed that S. atra var. cylindrospora is in fact S. chartarum. The conidia of IMI 76515 had a ridged surface, most were not cylindrical and a few were subcylindrical (FIG. 4) . The significant variation among the isolates of S. chartarum and the conidial characters of IMI 76515 do not warrant its separation as a variety of S. chartarum.
An examination of the isolate ATCC 18851 (5IMI 85334) under the name S. cylindrospora showed that the morphological characters of its conidia are different from the ones of the holotype of S. cylindrospora (CUP-005925) and the specimen IMI 76515 of S. atra var. cylindrospora. Conidia of the isolate ATCC 18851 have three major characters: (i) they are cylindrical; (ii) have delicate longitudinal striations on the conidial surface; (iii) and are 12.8-16 3 3.4-5.5 mm and ratio of length/width 2.6-4.2, which is much longer than that of S. chartarum.
The comparative examination of specimens under the name of S. cylindrospora from BPI, CUP, DAOM and IMI showed that six out of eight specimens matched the isolate ATCC 18851 but not the holotype of S. cylindrospora (CUP-005925). DAOM208271 is S. chartarum. IMI 152718 and BPI 525146 do not fit either ATCC 18851 or CUP-005925. Conidia of IMI 152718 are smooth, oval, not cylindrical or subcylindrical. BPI 525146 is a mounted slide, which appears to match the isolate ATCC 18851 in size and shape but has no striation on the surface of conidia. The true identity of these two specimens remains to be clarified. Specimens DAOM 70309 and IMI 79062 originally identified as S. atra were found to match the isolate ATCC 18851.
According to the morphological characters, and QPCR analysis of the type of S. cylindrospora, the author concluded that the name S. cylindrospora proposed by Jensen is a synonym of S. chartarum. The specimen, description and photograph of S. atra var. cylindrospora all are reminiscent of S. chartarum. In the author's opinion the conidial dimensions of IMI 76515 are within the variation of S. chartarum and do not warrant it as a new variety. However the isolate ATCC 18851 collected by Barron represents a distinct species of Stachybotrys. DNA sequence data of the isolate ATCC 18851 and analysis of phylogenetic relationships among 12 Stachybotrys and two species of Memnoniella supported the finding of the isolate ATCC 18851 as a new species (Haugland and Heckman 1998, Haugland et al 2001) . Therefore the author proposes a new species.
TAXONOMY
Stachybotrys eucylindrospora Li, sp. nov. FIGS. 5-8
Fungi mitosporici, Hyphomycetes. Coloniae in MEA, 24-26 mm diam in 15 diebus ad 25 C, flaviae; marginae irregulariae.
Conidiophora erecta, simplicia, septata, macronemata, solitaria vel interdum fasciculata, determinata, recta vel exigue curvata, deinde ramosa, prope apicem verrucosa et fusca, prope basi hyalina et latvia, usque ad 200 mm longa et 3-5 mm crassa.
Cellulae conidiogenae phialidicae, determinatae, discretae, laeviae, subclavatae, prope apicem fuscae olivaceae, (11.1-)12.4-14.6(-15) (Med. 13.5) 3 (2.5-)2.9-4.5(-5.2) (Med. 3.6) mm, collulo conspicuo praeditae, 4-7 in verticillo dispositae.
Conidia cylindrica vel cylindro-ellipsoidea, primo hyalina et laeviae, deinde atro-olivaceobrunnea, basi 6 truncate, longitudinaliter striata, (10.3-)12.8-16(-18.5) (Med. 5 14.4 6 1.6, n 5 51) 3 (2.5-)3.4-5.5 (-6.6 Phialides determinate, discrete, subclavate, smooth, dark olivaceous at the tip, (11.1-)12.4-14.6(-15) (mean 5 13.5 6 1.1, n 5 30) 3 (2.5-)2.9-4.5(-5.2) (mean 5 3.6 6 0.7) mm, with or without conspicuous collarettes, unicellular, 4-7 in groups (FIGS. 7, 8) .
Conidia cylindrical or cylindrical ellipsoid, rounded at the apex, rounded or truncate at the base, hyaline and smooth at first and becoming gray to dark olive gray when mature, with delicate longitudinal striations on the conidial surface (the striations visible only under oil lens), unicellular, (10.3-)12.8-16 (-18.5) (mean 5 14.4 6 1.6, n 5 51) 3 (2.5-)3.4-5.5(-6.6) (mean 5 4.4 6 1) mm, ratio of length/width 2.6-4.2 (mean 5 3.4), often biguttulate, especially when young, aggregated in slimy masses (FIG. 9) .
Teleomorph unknown. Holotype: DAOM 87664 collected by GL Barron from peat soil, cedar bog, near Guelph, Ontario, Canada, in Nov 1960. Isotypes are IMI 85334, CBS 203.61, and OAC 8603. Living cultures maintained at ATCC (ATCC 18851).
Etymology: The specific epithet is chosen to indicate the unambiguous cylindrical shape of conidia of this species. The prefix ''eu'' is used for the purpose of distinguishing this proposed name from S. cylindrospora, one of the synonyms of S. chartarum.
Distribution: Canada, Japan, UK, Germany, Solomon Islands (Jong and Davis 1976 , Matsushima 1971 , Matsushima 1975 .
Habitat: on Carya ovata husks, Dahlia stems, Heracleum sp., stems of Ligustrum officinale, peat soil, cedar bog, Populus log. Jong and Davis (1976) . b Holotype of S. cylindrospora described by Jensen (1912) . c Specimens used in Barron (1961) . d Cultures used in Haugland and Heckman (1998); Haugland et al (1999) . (TABLE I) . Other specimens and cultures examined are listed (TABLE I) .
DISCUSSION
It is a puzzle how Jensen (1912) described his S. cylindrospora with such a large range in conidial size (6-16 mm) because the re-examination of his holotype showed that the size in fact is 7.5-11.1 3 3.5-5.6 mm. Jensen (1912) described these conidia as smooth and subcylindrical, not cylindrical as indicated by the epithet of S. cylindrospora. The conidia from his holotype, on close observation, were found to be roughened with ridged ornamentation and were mostly oval or ellipsoid. These discrepancies might have originated from use of a culture that was not mature and might not have allowed him to observe all the conidial characters, such as the roughness. Because a live culture of CUP-005925 does not exist, it prevented the author from making more extensive examinations and conducting other analyses. These discrepancies remain to be clarified. Barron (1961) obtained several strains (Nos. 8602, 8603, 8604) from organic soils at several localities in Ontario, Canada, and considered these isolates morphologically to match S. cylindrospora. He suggested that S. cylindrospora is a valid species. However he noticed that his isolates differed distinctively from Jensen's description in two characters. First, conidia were primarily cylindrical, 12-16 3 4-5.5 mm and the ratio of length/width of conidia was 2.5-4. Jensen's inaccurate description and sketchy illustration (FIG. 1) had led Barron (1961) to explain the discrepancy as strain variation. Second, mature FIGS. 5-9. Stachybotrys eucylindrospora. 5. Colonies on MEA. 6. Colonies on CMA. 7. Conidiophore, phialides, conidia. 8. Verrucose conidiophores. 9. Conidia. Bars: 7-8 5 20 mm, 9 5 5 mm.
conidia of Barron's isolates show fine striations running obliquely lengthwise along the conidia under the oil lens (Barron 1961) . The striation on the conidial surface was the important character observed by Barron and others (Barron 1961 , Jong and Davis 1976 , Matsushima 1975 ). Barron did not examine the type material of S. cylindrospora. Verona and Mazzucchetti (1968) published a monograph of Stachybotrys and Memnoniella. Their description of S. cylindrospora was based on that of Jensen (1912) . However their illustration was redrawn from Barron's illustration. There was no indication which specimens were examined.
Jong and Davis (1976) described S. cylindrospora according to their observation of the cultures ATCC 18851 and ATCC 16276 isolated by W. Gams from wheat field soil in Kittzeberg, Germany, and determined by G.L. Hennebert as S. cylindrospora. Understandably their description was in agreement with Barron's. Ellis (1971) and Matsushima (1975) also agreed with Barron (1961) that S. cylindrospora is valid species. The S. cylindrospora studied in these publications is S. eucylindrospora.
Two phylogenic studies with DNA sequence data of 12 species of Stachybotrys, two species of Memnoniella, nine species of Stachybotrys and 3 species of Memnoniella respectively elucidated that the isolate ATCC 18851 under the name S. cylindrospora was well delineated from other Stachybotrys spp. including S. chartarum (Haugland and Heckman 1998, Haugland et al 2001) . When the species specific primers and probe were developed for detecting S. chartarum sensu lato, the isolate ATCC 18851 was included as a species different from S. chartarum along with other species of Stachybotrys (Haugland and Heckman 1998) . This confirms that the isolates observed by Barron (1961) , Jong and Davis (1976) and Matsushima (1978) are different from the type material of S. cylindrospora and composed of a valid species, S. eucylindrospora. The quantitative result of 34 000 spore equivalents from QPCR analysis on the holotype of S. cylindrospora (CUP-005925) using S. chartarum sensu lato primers and probe verified the conclusion derived from morphological observation that S. cylindrospora is a synonym of S. chartarum. Bisby's (1945) opinion that S. cylindrospora is possibly a synonym of S. chartarum was correct. As Bisby (1943) indicated S. chartarum has extreme variability under standard culture conditions. Such variability has led to some confusion in species delineation among Stachybotrys. Anderson et al (2003) studied S. chartarum sensu lato with morphological, chemical and phylogenetic methods and subsequently described a new species, S. chlorohalonata Andersen et Thrane sp. nov. S. chlorohalonata differs morphologically from S. chartarum by developing smooth conidia that are ellipsoidal to broadly ellipsoidal and papillate at the basal end, in comparison with those of S. chartarum, which have a rough surface and are slightly longer, ellipsoidal (Anderson et al 2003) . The holotype of S. cylindrospora with rough conidia matches S. chartarum sensu stricto and not its sister species, S. chlorohalonata. The study of Andersen et al (2003) refined the concept of S. chartarum sensu stricto. The species might not be as variable as it was considered before.
Isolates or specimens of S. cylindrospora also were reported from the USA (Gilman 1957 , Matsushima 1975 . Because specimens or cultures are not available for examination their true identities cannot be confirmed as either S. eucylindrospora or S. chartarum.
Other species of Stachybotrys have cylindrical and subcylindrical conidia. Conidia of S. yunnanensis are cylindrical or subcylindrical, but they are smaller (7.0-11 3 3.5-5.5 mm) than those of S. eucylindrospora, which are smooth, or occasionally rough (Kong 1997) . The cylindrical conidia of S. longispora are 8.8-12 3 2-2.4 mm without ornaments or striations and L/W ratio .4 (Matsushima 1971) .
